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Abstract: Alcohol abuse and misuse has been widely reported to impair vision with majority of mformation
available implicating the retina but with very scanty literature laying emphasis on the visual relay centers.
Hence, some effects of chronic administration of ethanol was studied on the neuronal cells population in the
visual relay centers Lateral Gemculate Body (LGB) and Superior Colliculus (SC) of 40 adult Wistar rats of both
sexes grouped into treatments T1 and T2 and controls C1 and C2. The treatment groups received 25% ethanol
in 2% sucrose (ad libitum) for 6 weeks except T2 animals that were made to undergo an additional 2 weeks of
ethanol withdrawal period while the control groups C1 and C2 received tap water and 2% sucrose solution,
respectively for 6 weeks. At the end of admiristration, the ammals were sacrificed and process for routine
histological techniques and stained for nissl substances. Body weight loss was significantly (p<0.05) observed
as well as significantly (p<<0.05) reduced neuronal cells population of 47 and 40% for LGB and 42 and 38% for
SC neuronal loss, respectively in treatment groups T, and T, compared to control group. Hence, these
alterations may again underline visual imbalance associated with the malfunctiomng of the visual relay center
most especially m the maintenance of saccade and recoding of visual signals which are postretinal related

functions.

Key words: Ethanol, vision, superior colliculs, lateral geniculate body, Wistar rats, Nigeria

INTRODUCTION

The intemperance in the use of alcohol has created
many problems m the modem society, the important of
which can be judged by the repeated emphasis they
received in contemporary publications both literary and
scientific (Thun ef al., 1997). However, overindulgence in
ethanol consumption which has always culminated mto
chronic alcohol consumption has been a problem of
public health concern as it provides the basis for
alcoholism which is a chronic disease (Fakunle et al.,
2011).

This 1s generally characterized by a loss of control
over use of alcohol and an inability to modify
drinking in spite of harmful health consequences (Jyrki,
2002). However, more neurological disorders have been
linked to ethanol than any other drug, toxin or
environmental agent (Charness et al., 1989) as it has been
estimated that 9% alcohol-dependent individuals have
climcally diagnosable orgamc brain syndrome with
50-70% of alcoholics displaying significant cogmtive
impairment (Eckardt and Martin, 1986). In the brain,
ethanol acts on neuronal and glial membrane containing

protein and lipid molecule (Lovinger, 1993; Joyce, 1994;
People et al., 1996, Synder, 1996). In the glia cell, ethanol
could promote the production of cytotoxic cytokines
which could damage neurcnal structure directly or
indirectly through an autoimmune response indicated by
macroglia/macrophage cell or astrocytes (Lancaster, 1993;
Synder, 1996). The formation of Nitric Oxide (NO) has
been linked to mereased performance for and tolerance for
alcohol in recent studies (Zima et al., 2001). The
comparison of chronically fed rats and controls
demonstrats that exposure to ethanol causes a decrease
in NADPHd (Nicotinamied Adenine Dinucleotide
Phosphate diaphorase) activity and neuronal NOS (Nitic
Oxide Synthase) in the neurons and fibres of the superior
coliculus and cerebellum (Zima et af., 2001 ) and even in
the dorsal lateral geniculate nucleus.

In acute exposure model of fetal alcohol syndrome,
effect of acute exposure to ethanol on postnatal optic
nerve have been examined in pregnant mouse (5B1/6)
mode and it was established that there was no sigmificant
difference between experimental and control amimals in the
neuronal population of dorsal lateral geniuculate nucleus
and superior colliculus (Ashwell and Zhang, 1994).
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Although, this is suggestive of the fact that the
axonal deficit 18 due to direct retinal damage than
mcreased  postnatal  axonal arising
retinorecipient damage  hence,
administration of ethanol was investigated m the visual
relay centers of lateral gemculate body and superior
colliculus in this study using adult rat model.
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MATERIALS AND METHODS

All animal experiments were performed using the
protocol approved by the Animal Care and Use Committee
of Obafemi Awolowo University, Ile-Ife, Nigeria. The
experiment was performed on 40 adult wistar rats of both
sexes age 2 months (190-200 g). The ammals were housed
at constant room temperature 20-22°C. Food (Standard
Laboratory mouse chow from Ladokun feeds, Ibadan,
Nigeria) and water were available ad libitum. Previous to
the experiment, all ammals were subjected to an
acclimatization period of 14 days after which they were
randomly distributeded into 4 groups (n = 10) of
experimental T1 and T2 and control C1 and C2. Groups T1
and T2 received 25% ethanol in 2% sucrose solution as
their drinking water while the animals in group Cland C2
received tap water and 2% sucrose solution, respectively
as their drinking water, all for a period of 6 weeks. The
animals in group T2 continued with tap water for another
2 weeks following the replacement of their 25% ethanol in
2% sucrose solution as the withdrawal period. Daily
consumption of ethanol was monitored and determined by
fresh replacement at 20.00 h GMT.

Body weight, feeding and ethanol consumption
pattern were also determined. At the end of ethanol
administration, the rats were sacrificed by whole body
intracardiac perfusion fixation under gravity using 10%
formol caleium fixative. The rate of fixation was monitored
by decolouration of the tongue and eyeballs after which
the skull was then opened and the brain was removed
en-mass and the regions of LGB and SC were trimmed out
using the stereotaxis coordmate method of Paxmos and
Watson (1998). speclmens
processed for routine histological techmques and stained
for mssl’s substance using cresyl violet as previously
described by (2000).  Qualitative
observations of stained sections were done with every
10th section chosen from each animal. Using brightfield
compound Nikon microscope, Y3100 (attached with Nikon
camera), the slides were examined under 400X objective.
Using Image-Pro Express software, counts of neurons

The tissue were then

et al

Venero

with promment nucleolus were done. The neurcnal
transverse diameter of the stained sections were also
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determined. The absolute neuronal density per unit area
of section for each region was estimated as described by
Abercrombie (1946).

Statistical analysis: The data were analyzed using the
computerized statistical package SPSS Version 11. Mean
and Standard Error of Mean (SEM) values for each group
was determined. The means were compared by analysis of
variance at a level of significance of 95 and 99%.

RESULTS AND DISCUSSION

There was a gradual weight loss in the treatment
groups T1 and T2 from the 2nd week (Fig. 1), these
changes were also significant (p<0.05) compared to a
gradual weight gain in the controls throughout the
experiment. The ethanol consumption curves (Fig. 2) for
the treatment groups T1 and T2 showed the same pattern
of ethanol intake although with lower volume of ethanol
consumption. The curve revealed a brief imitial drop in the
consumption followed by a steady rise in the rate of
consumption which continued throughout the duration of
ethanol administration.

Ethanol severely and sigmficantly (p<0.01) (Table 1)
depressed feeding 1n the treatment groups T1 and T2 with
Mean£SEM (103.049.3 and 103.048.4) g, respectively and
significantly at (p<0.01) (Table 1) compared to the control
groups C1 and C2, MeantSEM (130.0+£10.6 and 126.049.4)
g. The morphometry results obtained from Table 2 clearly
showed that treatment groups T1 and T2 had sigmficantly
(p<0.05) reduced neuronal density of MeantSEM of
{(365.16£11.56 and 326.61+11.63)/m™7, respectively and
which translates to a percentage neuronal loss of 47 and
40% in  the LGB while (311.06+£12.04 and
326.61£11.63)/m ", respectively and which translates to a
percentage neuronal loss of 42 and 38% m the SC.
Although, reduced neuronal density was also noticed in

Table 1: Mean=SEM of feed consumed at the end of administration

Groups N Mean+SEM (g) D.O.F 2-Prob
T1 10 103.0+9.30" 10.2 0.004
T2 10 103.0+8. 40" -

Cl 10 130.0+10.6

Cc2 10 126.0+£ 94

*Significant at (p<0.01)

Table 2: Mean+SEM (neuronal density)

Groups Neuronal cells cm™ Neuronal loss (©0)

Cl £650.10£10.13
9536.22+10.19

C2 £613.27+21.11 1
9529.06+12.20 1

T1 £365.16+11.56% 47
1311.06£12.04* 42

T2 £391.25+21.06% 40
B26.61+11.63 38

*Significant difference p<0.05 when compared to the control; £ Values for
LGB; § Values for SC
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Fig. 1: Histogram of body weight (MeantSEM) g distribution at the end of administration
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Fig. 2: Ethanol consumption curve

the control section C2 with Mean+SEM of (643.27+21.11
and 529.06+12.20)/m™?, respectively for LGB and SC
compared to the control group C1 with neuronal density
of MeantSEM of (650.10+£10.13 and 536.22+10.19)m ™,
respectively for LGB and SC which translate in both
organs mto an insignificant p=0.05 1% neuronal loss.
The results of this study confirmed that chronic
intake of ethanol has a deleterious effect on the body
welght and newronal density and thus confirming the
earlier reports of Lancastar (1993), Pfefferbaum et al.
(1993, 1997) and Thun et al (1997). Ethanol can be
administered in drinking water or by intragastric
mtubation or intraperitoneally or by vapor as well as in
liquid diet. The control animals in groups Cl and C2
msigmficant (p=0.05) weight gan
throughout the experimental period (Fig. 1). This was not

displayed an

so for the animals in the treatment groups T1 and T2 as
weight gain was seen in the first 2 weeks whuch was
throughout the
experiment duration especially for T1 ammals although,
the T2 anmimals showed some slight weight gain at the end
of the 2 weeks of withdrawal period. Hence, the
subsequent slow recovery was due to the administered

followed by gradual weight loss

ethanol. Also there is a correlation with the pattern of
ethanol consumption (Fig. 2) which ncreased steadily
from 2nd week of administration and the pattern of feed
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consumption as shown mn Table 1 where ethanol severely
depressed feeding most especially in the treatment groups
T1 and T2.

Although, ethanol has a relatively high calorific
value, 7.1 calories g~' (as a point of reference, 1 g of
carbohydrate contains 4.5 calories and 1 g of fat contains
9 calories), ethanol consumption does not necessarily
result in increased body weight. This 1s quite evident in
the earlier reports of Weenberg (1984) that despite normal
calories m the diet, ethanol significantly reduces weight
gain whether or not ethanol calories are considered as a
contributor to the dietary total. An analysis of data
collected from the first National Health and Nutriion
Examination Survey (NHANES]) found that although,
drinkers had significant ligher mntake of total calories than
non-drinkers, drinkers were not more obese than
non-drinkers. Gruchow et al. (1985) has affirmed that as
ethanol intake among men increases, their body weight
decreases.

Although, moderate dose of ethanol added to the
diets of lean men and women do not seem to lead to
weight gain as some studies have reported weight gain
when ethanol is added to the diet of overweight persons
(Clevidence et al, 1995). The fact that alcohol also
inhibits the into  usable
substances by decreasing the secretion of digestive
enzymes from the pancreas as reported by Leiber can also
point to possible mechanism suggesting implication of

breakdown of nutrients

ethanol consumption as regards weight loss. One of the
suggested mechamisms by which chronic ethanol
exposure can cause neuronal distortion is through the
formation of acetaldehyde (Humt, 1996). Although,
acetaldehyde 1s 10 times toxic than ethanol, there 1s as yet
no evidence that any biologically relevant form of
acetaldehyde can enter the brain from circulation or be

produced by ethanol metabolizing enzymes in situ
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(Lindros, 1978). The lack of acetaldehyde in the CNS has
been attributed to an efficient blood-bram barrier to
acetaldehyde or the low capacity of enzymes such as
alcohol dehydrogenase, catalase or CYPAS0IE] to
metabolize ethanol in the brain (Coon and Koop, 1987,
Hansson et al., 1990).

One of the possible mechanisms by which ethanol
could produce bram tissue alteration i1s through the
formation of covalent bonds with brain proteins, thereby
producing Acetaldehyde Protein Adducts (APA) which
in turn, might trigger an autoimmune response similar to
that found in peripheral tissues (Isreal et al., 1986). Hence,
reduced neuronal density seen in this research as shown
in Table 2 can be said to be due to effects of chronic
ethanol consumption. Neuroglia are present between the
neurcns of LGB and SC (Friedlader et al., 1981). Their
interaction with neurons play vital role in adult brain
(Gueric et al., 2001) and their sparse distribution as
reported in the earlier research of Lancaster (1993) and
Synder (1996) can also compromise their support
functions.

The slight onset of neuronal regeneration as seen in
group T2 that underwent withdrawal period Table 2 points
to the possibilities of cellular rearrangements which if
contimued with total abstiness may lead to restoration
cellular integrity and this 1s n conformity with the earlier
reports of the deleterious effects of ethanol on the lateral
geniculate body and superior colliculus observed in this
study may underline the visual incompetence following
chronic ingestion of ethanol. The lateral geniculate body
and superior colliculus (Notback and Demarest, 1981)
control wvisual acuity, accommodation and papillary
reflexes.

CONCLUSION

Ethanol is widely used, misused and abused
worldwide and efforts and attention had been drawn to its
effects on the general well bemng of the body in recent
times. This study had shown that ethanol causes
significant acute weight loss with increased consumption.
The microanatomical changes observed in the visual
relay centres, lateral geniculate body and superior
colliculus was discussed in the light of neurcnal
distortion and scanty neuroglia distribution.
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